Introduction. Migration is one of the most important cell functions that consists in any direction movement and results in change of the cell position within the body [1] . It plays a key role in the embryonic development, wound healing, immune response and a number of other fundamental biological processes. On the other hand, the aberrant cell migration activity is an inherent feature of many pathological processes. It accompanies malignant tumors, inflammatory, autoimmune, cardiovascular and neurodegenerative diseases [2] . Therefore, the determination of cell migration activity is one of the major tasks in many biological and medical studies. Its accuracy requires further development and improvement [3] . For a long time, Boyden chamber and scratch wound based assay were the dominant instruments in the measurements of the cell migration and invasion activity [4] . However, rapid development of the cell biology tools has led to an appearance of new approaches such as the cell exclusion zone assay, fence assay, microcarrier bead assay, spheroid migration assay, capillary chamber migration assays etc. [5] . Nowadays the main efforts in this field are directed towards the development of the assay kits that can facilitate handling, improve reproducibility, give quantitative results and increase throughput [6] . Traditional methods for monitoring cell motility with their inherent high level of noise are looking very limited to obtain reliable data. However, according to the literature data, the classical methods are still prevailing over the modern approaches [7] .
The scratch assay firmly established itself as popular and cheap method that is used to study cell migration in monolayer culture. The method is based on the physical separation of cell monolayer to form a cell free zone that will be filled by migration of peripherally situated cells. For this purpose, a pipette tip or syringe needle is typically used [8] . Cells migrate from intact peripheral edges into the scratched cell free zone and this process can be easily microscopically monitored. The results can be presented as a decrease in the width of uncovered region between different time checkpoints [9] . The effect of factors influencing cell migration is normally measured within a 24-h period.
However, the main drawback of the assay consists in the inability to distinguish between the effect of cell proliferation and changes in cell survival, and the cell motility after period longer than 24 h [9, 10] . Besides, there are some another limitation of this system. Methods for creating of the scratches vary among different laboratories [11, 12] , thus the size, shape, and spacing of the scratches are different that, in turn, will increase the level of noise [12, 13] . Moreover, it is difficult to reproduce equivalent conditions of monolayer confluence between different experiments. Also the process of scratching can lead to the damage of underlying ECM (extracellular matrix components) and release factors that will change the cell migration activity and cause some experimental errors [11] [12] [13] .
However, the scratch assay has some advantages: the movement and morphology of cells are visible to be observed in the real time; it is possible to measure velocity of cell migration; the assay is compatible with any plate configuration; cell movement is definitely directed; the growth surface for cell migration can be coated with an ECM [11] . The main advantages of this assay include also simplicity, rapid setup, easy readout and analysis, and, of course, its low cost.
In this report, in order to improve the classical scratch assay, we propose to perform the calculation the cell free area between outgrowing monolayers, using available Internet tool Icy 1.3.2.0 (http://icy.bioimageanalysis. org) [14] . In our modification the scratch wound width is calculated on the basis of detected cell free area and the width of the field of observation. Such approach has been applied for the analysis of MCF-7 cell motility, and migration activity of HeLa cells under the influence of paracrine factors produced by the NIH3T3 fibroblasts line.
Materials and methods. Cell culture. MCF-7, HeLa and NIH3T3 cells were cultured in DMEM medium («Sigma», USA) supplemented with 10 % FBS, 4 mM glutamine, 50 U/ml penicillin and 50 mg/ml streptomycin at 37°C in 5 % CO 2 humidified atmosphere. All used cell lines were tested for mycoplasma contamination.
Scratch assay. NIH3T3 cells (3000 cells in 700 ml of DMEM/FBS) were seeded at the periphery of each well in 6-well culture plates. Cells were incubated during 1,5 h at 37°C. Non adhered cells were removed by repeated washing with culture medium. After that HeLa cells were added to the wells in quantity of 2000 cells/ well in the complete growth medium. HeLa and NIH 3T3 cells were co-cultured for 48-72 h before scraping the subconfluent cell monolayer by tip in order to create an experimental wound. After removing the damaged cells, the cultures were washed with DMEM complete medium. Then 2 ml of DMEM complete medium with or without 10 nM rapamycin were added to corresponding wells. As a result, HeLa cells, HeLa cells treated with 10 nM rapamycin, HeLa/NIH3T3 coculture, HeLa/NIH3T3 coculture treated with 10 nM rapamycin were incubated at 37°C for 24 h. The images of 10 randomized fields of observation of each scratch were captured with a microscope just after scraping and after 24 h of cultivation. The size of widths and areas were determined from these images using Icy 1.3.2.0 software.
MCF-7 cells were tested in a similar manner. The migration dynamics of MCF-7 cells untreated and treated with 10 nM rapamycin was analyzed. The width sizes of the wound were compared after 24 h of cultivation. The cells were fixed with methanol for 5 min at room temperature and stained by May-Grunvald-Giemsa method.
The cultured cells were examined using Leica DM 1000 microscope («Leica», Germany).
Statistical analysis. The data were analyzed with Student's t-test. The results were expressed as the mean. The differences were considered significant at p < 0,01. Each experiment was repeated 2-4 times.
Results and discussion. Standard method of cell motility analysis in monolayer culture. As it was abovementioned the wound healing test or scratch assay is often used for the evaluation of locomotor properties of the cells in monolayer culture. Our experience shows that the width of the initial scratch zone created by the pipette tip may vary considerably in the different culture dish, including controls. As a result, the expression of cells migration distance as a percentage relative to the controls cannot be absolutely adequate. So, the measurement of the absolute value of the cells migration distance is more correct. This index should be expressed as the difference between the width of wound surface just after application of scratch and after a corresponding period of cells migration.
Usually in scratch assay the average of the linear distance between the wound healing edges is analyzed. But morphological analysis of micrographs revealed that the moving edges of cell front may have ragged shape. It leads to the incorrect determination of the width of cell free zone, and significantly increases the number of necessary linear measurements. Therefore, the determination of the area between the interlocking edges of experimental wound takes into account the topography of moving layers more precisely.
There are some image analysis tools that allow performing such estimation quickly and accurately (T scratch, Icy etc.) (Fig. 1) .
New approach for evaluation of cell locomotor properties in scratch assay. The average distance between the migrating layers can be calculated by the method of trapezes. In this case the resulting polygon area is expressed as the sum of trapeze areas with height (h) of 1 µm (Fig. 2) , so that the number of trapezes is numerically equal to the length of a polygon (L). The sides of the trapeze are too short compared to the perimeter of the cell, so we can consider them as line segments. So, S = S 1 + S 2 + S 3 + …+ S n , where S -polygonal area measured by the image analysis, S 1 , S 2 , S 3 , S n -the areas of trapezes which form the polygon. The area of trapeze can be calculated using the formula: S 1 = h ×m 1 , where htrapeze height (1 µm), m 1 -trapeze middle line. Thus, the average length of the trapeze midline characterizes the average distance between the layers of cells. So,
where n -number of trapezes, L -length of polygon. As noted above, the trapeze's height h = 1 µm, so the number of trapezes n is equal to the polygon length, whence it follows m mean = S/L. Thus, the detection of the area and length of a polygon by the image analysis tool allows accurate determination of the average value of the distance between the edges of an experimental wounds. In this case, the pairs of opposite points at intervals of 1 µm will be taken into account, which significantly improve the precision of calculations. mTOR is a central connecting link in the signaling network that regulates the basic cellular function such as translation and transcription, and therefore, has an important impact on the regulation of major cellular function including cell migration [15] . But the exact molecular mechanisms by which mTOR regulates the cell migration remain to be determined [16] . Previously, it has been shown that modulation of mTOR activity by its specific inhibitor rapamycin resulted in a change of locomotor properties of mammalian cells [17] . In part, it could be explained by the regulation of some mTOR substrates such as ribosomal protein S6 kinases (S6K1/2) that is aberrantly expressed in different tumor types [18] [19] [20] [21] and is linked with some cytoskeleton elements [22] . Therefore, the dynamics of MCF-7 and HeLa cell migration under the influence of rapamycin has been analyzed.
To analyze the paracrine factors influence on the locomotor properties of HeLa cells, we developed our own original model. The purpose of this part of work was to determine the paracrine influence of fibroblasts (co-culture of HeLa cells with NIH3T3 cells) on the motility of tumor cells in the presence of anticancer drug rapamycin. The NIH3T3 cells were seeded strictly at the perimeter of wells of 6-well plates. After 2 h of incubation most of the cells adhered to the growth surface, and the unattached cells were removed by a culture medium. HeLa cells were seeded into each well. It means that only HeLa cells in the center of the well (where the scratch is done) migrated on the wound surface. Thus, these cells had no direct contact with fibroblasts that ensured only the paracrine relationship. This approach allowed us to estimate the locomotor properties of HeLa cells under the conditions of co-culturing with fibroblasts and under the influence of anticancer drugs on both cell types. An analysis of the migration potential of HeLa cells showed a depressing effect of rapamycin on the locomotor properties of tumor cells, which was in agreement with a number of other studies. HeLa cells treated with 1 nM rapamycin migrated during 24 h 100 mm less than the control cells, Fig. 3 . Detection of migration potential of HeLa cells co-cultured with NIH3T3 fibroblasts and treated by rapamycin. *p < 0.05 versus control group, **p < 0.01 versus control group at 10 nM rapamycin treatment the cells migrated about 120 mm less than the control cells. It should be emphasized that in some works the conditioned medium of NIH 3T3 fibroblasts stimulated migration of tumor cells [23] . Noteworthy that under the mutual influence of NIH3T3 and HeLa cells in monolayer culture, the migration potential of HeLa cells was slightly (but statistically significant) decreased, the cells covered the distance about 60 mm less than the control cells in 24 h. The addition of 1 nM rapamycin to the HeLa/NIH3T3 co-culture depressed the movement of HeLa cells, to 100 mm less than the control cells. As described in «Materials and methods» we used the width of wound surface for assessing the distance migrated by cells, which is reflected in the histogram (Fig. 3) . Besides, the application of image analysis tool Icy [http://icy.bioimageanalysis.org] to evaluate the cell free area in scratch test just after the experimental wound creation and after 24 h incubation also allowed us to detect an average distance between the leading edges of opposing layers. As it can be seen from Fig.  3 , there was no significant difference between two approaches to the cell migration characterization. Notably, the standard deviations of the data obtained by two mentioned methods were very similar as well (Fig. 3) .
In addition, these approaches were used to study the influence of rapamycin on the locomotor properties of MCF-7 cells. It was observed that mTOR kinase inhibitor rapamycin decreased the migration potential of tumor cells (Fig. 4) . The addition of rapamycin in concentration of 1 nM and 10 nM slowed up the MCF-7 cell locomotion to 70-90 mm. The average distances between the edges of experimental wound detected by the routine measurement and the cell free area detection were very similar. As in the previous case, the standard deviation values of data obtained by two different approaches were very similar as well.
In the present study, two approaches for the evaluation of scratch assay data on the determination of cell migration dynamics in monolayer culture have been compared. The first one is based on the direct measurement of the distance between the edges of experimental wound. The second one implies the initial determination of the cell free area for calculation of an average width of the experimental wound. It was revealed that both approaches are able to determine the same characteristics of the cell motility. Thus, we have proved the adequacy of the second approach, which is theoretically more accurate and practically is easier to assess the locomotor properties of the cultured cells in wound healing test. 
